The aim of this study was to evaluate the clinical outcomes of radical cystectomy (RC) and concurrent chemoradiotherapy (CRT) with methotrexate, vinblastine, doxorubicin, and cisplatin (MVAC) in patients with locally advanced bladder cancer (BC). From December 2000 to February 2012, 72 patients with locally advanced BC (T3-4a, N0 or N+, M0) received either RC or CRT. RC with bilateral pelvic lymph node dissection including the common iliac region as the standard procedure. Patients in the CRT group received one cycle of MVAC followed by radiotherapy with a half dose of MVAC and then two more cycles of MVAC. Standard fractionation at a daily dose of 1.8-2.0 Gy was used, with a median total dose of 50 Gy (range, 45-60 Gy). The 3-year progression-free survival (PFS) rates in the RC and CRT groups were 56.2% and 25.6%, respectively (p=-0.015) and the 3-year overall survival (OS) rates were 63. 5% and 48.1% (p=0.272) . Multivariate Cox proportional hazards regression analysis with application of a propensity score indicated that RC was a significant predictor of PFS (p=0.033) but not of OS (p=0.291). Among patients with locally advanced BC, PFS was significantly prolonged in the RC group compared with the CRT group. However, RC was not a significant predictor of OS. Although the sample size in this study was small, the results suggest that patient background and postoperative quality of life should be considered when choosing treatment strategy for locally advanced BC.
Introduction
In 2008, the incidence of urothelial carcinoma (UC) of the bladder was approximately 386,300 and the disease was responsible for 150,200 deaths worldwide (Jemal et al., 2011) . Although the majority of patients present with non-muscle-invasive bladder cancer, 20%-40% of patients with non-muscle-invasive bladder cancer eventually develop muscle invasive bladder cancer (MIBC). The survival rate is poor for MIBC; only approximately 45% of patients survive for 5 years regardless of the type of treatment (Grossman et al., 2003; Rodel et al., 2002; Stein et al., 2001) . According to the European Urology Association and National Comprehensive Cancer Network guidelines, radical cystectomy (RC) with bilateral pelvic lymphadenectomy is the gold standard treatment for patients with MIBC (Stein et al., 2001; Hautmann et al., 2006) . However, cisplatin-based systemic chemotherapy, such as a combination of methotrexate, vinblastine, doxorubicin and cisplatin (MVAC) (Sternberg et al., 1985) or a combination of gemcitabine and cisplatin (von der Maase et al., 2000) , is the recommended standard treatment for inoperably advanced or metastatic UC.
Although multimodal treatment has become the standard of care for other kind of malignancies (Hashemi et al., 2013; Baykara et al., 2013; Liang et al., 2013; Kilic et al., 2012) , chemoradiotherapy (CRT) is performed in an effort to preserve the bladder in patients with MIBC. Concurrent CRT has an advantage over external beam radiation therapy (EBRT) alone (Rodel et al., 2002; Efstathiou et al., 2012; Shipley et al., 1998; Yu et al., 2012) , but only a few randomized trials have compared these two approaches to the treatment of MIBC (James et al., 2012; Coppin et al., 1996) . Even in the absence of more-effective systemic therapy, improving bladder preservation treatments could provide patients with a choice of treatment and improve quality of life.
Although no randomized trial comparing RC and CRT has been conducted, evidence accumulated from several countries suggests that bladder preservation approaches may yield favorable results in selected patients (Rodel et al., 2002; Efstathiou et al., 2012; Shipley et al., 1998; James et al., 2012) . We previously showed that MVAC combined with EBRT is effective in patients with locally Masaomi Ikeda et al advanced or metastatic bladder cancer . The aim of the current study was to evaluate the clinical outcomes of RC and CRT in patients with locally advanced bladder cancer.
Materials and Methods

Patient eligibility and selection
This study is a non-randomized retrospective study. The treatment modality was determined by consultation of a primary doctor and a patient. Therefore, this study is comparison of clinical outcomes of the patients who underwent either RC or CRT from December 2000 to February 2012. Among the 91 patients, 14 patients with muscle-invasive organ-confined disease (T2N0M0) and 5 patients who had received neoadjuvant systemic chemotherapy were excluded. The remaining 72 patients with locally advanced bladder cancer (T3-4a, N0 or N+, M0) were enrolled in the study.
The main inclusion criteria were as follows: Eastern Cooperative Oncology Group performance status (ECOG PS) of 0 to 2, according to World Health Organization criteria; white blood cell count of more than 3500/μL; platelet count of more than 100,000/μL; hemoglobin of more than 10 g/dl; hepatic function (serum bilirubin 1.5 mg/dl or less); and renal function (serum creatinine 1.5 mg/dl or less, and measured creatinine clearance of at least 60 ml/min). Patients with nonmalignant systemic disease, including active infection, any clinically significant cardiac arrhythmia, or congestive heart failure, were not eligible. Written informed consent was obtained from all patients before treatment. The study was approved by the institutional review board at Kitasato University Hospital and conducted in accordance with the Declaration of Helsinki.
Protocol design and treatment
Thirty-two (44.4%) patients received RC and bilateral lymphadenectomy. In males, standard RC involved resection of the bladder, prostate, seminal vesicles, and distal ureters; in females, an anterior pelvic exenteration included the removal of the bladder, entire urethra and adjacent vagina, uterus, and distal ureters. The urethra and urethra-supplying autonomous nerves were spared in cases in which an orthotopic neobladder was planned. Standard pelvic lymphadenectomy is defined as the removal of all lymphatic tissues around the common iliac, external iliac, internal iliac, and obturator region bilaterally. Urinary diversion was performed after RC as follows: neobladder in 9 patients, ileal conduit in 17, cutaneous ureterostomy in 5 and total urinary tract removal in 1.
Forty patients (55.6%) received the CRT protocol that we described previously (MVAC combined with EBRT) . Briefly, after receiving one cycle of MVAC treatment, all patients received EBRT with a half dose of MVAC treatment followed by two more cycles of MVAC. Standard fractionation with a daily dose of 1.8-2.0 Gy was used, with a median total dose of 50 Gy (range, 45-60 Gy) over 5-6 weeks. Generally, the bladder tumor, bladder, and regional lymph nodes were treated by means of a four-field box technique.
Treatment evaluation
After RC, patients were generally followed up every 3-4 months for 2 years, every 6 months for the subsequent 3 years and annually thereafter. Follow-up included a physical examination, along with routine serum chemistry studies. Radiographic evaluation (with or without contrast-enhanced computerized tomography) of urinary diversion, the upper urinary tract and the local region, as well as a chest X-ray, were performed at 3 or 6 months postoperatively and annually thereafter. Bone scans and other radiographic evaluation were performed when clinically indicated.
During CRT treatment, blood cell count and serum chemistry analyses were carried out weekly, and creatinine clearance was calculated before MVAC treatment. Tumors were assessed by computerized tomography or magnetic resonance imaging every two cycles and responses were determined at least 4 weeks after administration. After CRT, cystoscopic surveillance and urine cytology occurred every 3-4 months for 2 years, every 6 months for the subsequent 3 years and annually thereafter.
On the basis of patient medical records, overall survival (OS) was measured from RC or CRT until death, and time to failure was measured until discontinuation of treatment, death, or progression. Patients were assigned to a response category according to the Response Evaluation Criteria in Solid Tumors guidelines (version 1.1). Adverse events were monitored according to the National Cancer Institute Common Terminology Criteria for Adverse Events (version 4.0).
Statistical analysis
Demographic, clinical, and pathological data were compared by means of chi-square tests and Mann-Whitney U tests. OS and progression-free survival (PFS) were analyzed by means of the Kaplan-Meier method, and differences between the groups were determined with the log-rank test. Multivariate analyses were performed with the Cox proportional hazards regression model, controlling for age, gender, ECOG PS, tumor stage, lymph node metastases, and treatment. In observational studies, the groups being compared often differ because of the lack of randomization and the retrospective nature of the studies.
In addition, if the number of events is small and there are multiple confounders, the estimates obtained from regression models can be incorrect. The propensity score is a good alternative to control imbalances between study groups when there are seven or fewer events per confounder variable (Cepeda et al., 2003) . To calculate the propensity score for choosing RC, we used the following variables: age, gender, ECOG PS, tumor stage, and lymph node metastases. In addition to conventional multivariable analysis, a propensity score adjustment approach was performed to avoid overfitting. All analyses were performed with Stata software (ver. 11 for Windows, Stata, Chicago, IL, USA). A P value of <0.05 was considered to indicate statistical significance, and all P values are two-sided.
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Results
Patient characteristics and outcomes
The clinical and pathological characteristics of all patients are listed in Table 1 . Of the 72 patients, 32 (44.4%) underwent RC and 40 (55.6%) underwent CRT. The follow-up period for the RC group (27.2 months, range 6.0-124.8) was longer than that for the CRT group (19.5 months, range 5.3-48.5) (p=0.018), but there were no other statistically significant differences.
The 3-and 5-year OS rates were 63.5% and 47.6% in the RC group, and the 3-year OS rate was 48.1% in the CRT group (hazard ratio 0.65, 95% confidence interval 0.30-1.41, p=0.272) ( Figure 1A) . The 3-and 5-year PFS rates were 56.2% and 43.8% in the RC group, and the 3-year PFS rate was 25.6% in the CRT group (hazard ratio 0.43, 95% confidence interval 0.21-0.87, p=0.015) ( Figure  1B) . However, there were no differences in terms of OS and PFS, irrespective of tumor stage in patients treated with RC or CRT (p>0.05).
In the CRT group, complete response was confirmed in 15 patients (37.5%) and 16 patients (40.0%) showed partial response; the overall response rate was 77.5%. According to multivariate Cox proportional hazards regression analysis with application of a propensity score, RC was a significant predictor of PFS (hazard ratio 2.16, 95% confidence interval 1.07-4.40, p=0.033) but not of OS (hazard ratio 1.55, 95% confidence interval 0.69-3.49, p=0.291) ( Table 2) .
Adverse events
The adverse events that occurred in the 91 patients in the RC and CRT groups are listed in Table 3 . In the RC group, grade 3 adverse events occurred in 11 patients (22.9%), including pyelonephritis in 5 (10.4%) and adhesive ileus in 3 (6.3%). In the CRT group, grade 3 adverse events were observed in 36 patients (83.7%) including neutropenia in 35 (81.4%), thrombocytopenia in 6 (14.0%), and febrile neutropenia in 6 (14.0%). In the CRT group, the most common toxicity was myelosuppression due to the first cycle of MVAC chemotherapy. In addition, grade 3 genitourinary (GU) toxicity occurred in 10.4% and 11.6% of the RC and CRT groups, and grade 3 gastrointestinal (GI) toxicity occurred in 6.3% and 4.7%, respectively. Among 5 hematuria patients (11.6%) in CRT group, 4 (9.3%) had bleeding from the bladder cancer and 1 (2.3%) had hemorrhagic radiation cystitis.
Masaomi Ikeda et al (Madersbacher et al., 2003) . In patients with MIBC treated with RC in Japan (Nishiyama et al., 2004) , the 5-year OS rates for patients with stage pT2 or higher tumors were 46.3% in UC patients and 42.1% in non-UC patients, respectively. In our study, the 5-year OS rate for patients with locally advanced bladder cancer (T3-4a, N0 or N+, M0) who did not receive neoadjuvant chemotherapy was 47.6%. Although our results are consistent with the results of the above-mentioned Japanese study, extravesical cancer is more life-threatening in Japan than in Europe or North America.
Shipley et al. reported the use of cisplatin combined with EBRT for the treatment of MIBC (clinical stages T2 to T4) in 1987 (Shipley et al., 1987) . Since then the various CRT protocols for MIBC have been improved. Generally, the complete response rate is 59% to 72%, and the OS rate is similar to that of RC for patients with MIBC. A multimodality bladder-sparing approach in a large series of patients has been reported by the University of Erlangen (Rodel et al., 2002) , Massachusetts General Hospital (Efstathiou et al., 2012; Kachnic et al., 1997) , the Radiation Therapy Oncology Group (Shipley et al., 1998; Kaufman et al., 2009) and the Bladder Cancer 2001 (BC2001) trial in the United Kingdom (James et al., 2012) . The first three groups of patients received combined cisplatin-based chemotherapy and the Bladder Cancer 2001 chemotherapy regimen consisted of fluorouracil and mitomycin C. The 5-year OS rates range from 48% to 52%, but in patients with locally advanced cancer (T3 to T4), the 5-year OS was only 17%-41% (Rodel et al., 2002; Efstathiou et al., 2012; Shipley et al., 1998; James et al., 2012) . In our study showed that the 3-year OS rate for MVAC with EBRT was 48.1%. Although the follow-up period in our study was shorter than that of these previous studies, CRT performed in patients with locally advanced bladder cancer revealed almost the same treatment effect.
Gemcitabine is a new drug used for many kinds of malignancies, and the combination of gemcitabine and cisplatin is a standard systemic chemotherapy for metastatic UC. Gemcitabine, a potent radiosensitizing agent, may be a candidate for a combined integrated approach to the treatment of MIBC. Concurrent weekly gemcitabine with EBRT has been tested in phase Ι studies (Borut et al., 2012; Oh et al., 2009; Caffo et al., 2003) . Caffo et al. administered cisplatin at 100 mg/m 2 on days 1 and 21 with weekly gemcitabine at 400 mg/m 2 and concurrent 54 Gy EBRT in patients with bladder cancer staged pT2 or higher and without metastasis; the 5-year OS and PFS rates were 70.1% and 78.9%, respectively (Caffo et al., 2003) . In phase I studies, other investigators tested concurrent low-dose gemcitabine (27 mg/m 2 twice weekly or 75 mg/m 2 per week) with 60 Gy/6 weeks EBRT in patients with locally advanced bladder cancer without metastasis (Borut et al., 2012; Oh et al., 2009) and reported 5-year OS and PFS rates of 76% and 82%, respectively. Borut et al. reported that the rates of grade 3 myelosuppression, GU toxicity and GI toxicity were 5%, 10% and 5%, respectively (Borut and Lijana, 2012) . Whereas these results showed relatively high performance in terms of treatment effect compared to cisplatin-based CRT, new chemotherapeutic agents would be contributed 
Discussion
In this retrospective study of patients with locally advanced bladder cancer, RC was a significant predictor of PFS but of OS. The 3-year PFS rate was 56.2% in the RC group and 25.6% in the CRT group (p=0.015), whereas the 3-year OS rates were 63.5% and 48.1%, respectively (p=0.272).
There were many more grade 3 or higher adverse events in the CRT group than in the RC group, the majority of the adverse events in the former group occurred during the first cycle of MVAC. However, GU and GI toxicities were almost the same in the two groups.
There have been no randomized trials comparing the effects of RC and CRT treatment among patients with MIBC. Stein et al. recently reported that among 1,054 patients treated with RC for MIBC, the PFS and OS rates were 68% and 66% at 5 years, and 60% and 43% at 10 years, respectively (Stein et al., 2001) . These investigators also reported that the 5-year PFS and OS rates for non-organ-confined (extravesical) lymph-nodenegative bladder cancer (pT3b, pT4) were 58% and 47%, respectively. Hautmann et al reported OS rates of 57.9% and 44.3% at 5 and 10 years, respectively, among 1100 patients with UC who underwent RC with pelvic lymph node dissection without neoadjuvant therapy (Hautmann et al., 2012) . These investigators also reported 5-and 10year disease-specific survival rates of 65.8% and 59.7% for patients with pT3N0 tumors and 46.1% and 36.5% for patients with pT4N0 tumors, respectively. Madersbacher and Studer et al reported that the PFS and OS rates at 5 years were 62% and 59%, respectively, and 50% and 37% at 10 years; the 5-year PFS rate was 52% for patients with pT3 tumors, and 36% with for patients with pT4 tumors Asian Pacific Journal of Cancer Prevention, Vol 15, 2014 6523 DOI:http://dx.doi.org/10.7314/APJCP.2014.15.16.6519 Comparison of Radical Cystectomt and Chemoradiation for Locally Advanced Bladder Cancer to choosing the treatment modalities of CRT in patients with locally advanced bladder cancer.
Although the survival rates of MIBC patients treated with CRT in previous trials are comparable to the rates for the RC series, this therapeutic option has not yet been established as the standard of care for MIBC. One reason is the lack of a randomized trial of this option. The Selective Bladder Preservation against Radical Excision (SPARE) trial randomized MIBC patients to confirm the effects of treatment with either RC or CRT was launched in the United Kingdom in 2007. However, the trial was prematurely closed because patient recruitment was hampered by the fact that the trial compared disparate treatment strategies (Paramasivan et al., 2011; Huddart et al., 2010) . In contrast, in our study, there were no differences in patient background between the two groups, and RC resulted in significantly prolonged PFS compared to CRT, but the OS rates were similar in the two groups.
Previously reported CRT protocols vary enough that simple comparisons of adverse events are difficult. In our CRT group, grade 2 or higher myelosuppression was frequently observed, but GU and GI toxicities were similar in the two groups. In the Bladder Cancer 2001 trial, grade 3 or 4 adverse events occurred in 36% of patients in the CRT group; specifically, the rates of grade 2 or higher GU and GI toxicities in the CRT group were 21.3% and 9.6%, respectively (James et al., 2012) . In trials of cisplatin-based CRT, grade 3 or 4 leucopenia occurred in 16% to 32% of the patients (Rodel et al., 2002; Shipley et al., 1998) . In a study of combined-modality treatment with selective organ preservation, Rodel et al., three (2%) patients underwent cystectomy because of a shrinking bladder, six (1.5%) patients required surgical intervention due to bowel obstruction and five (3%) patients experienced reduced bladder capacity(<2-h micturition interval) (Rodel et al., 2002) . In a study of 1013 ileal neobladder patients, Hautmann et al. reported various complications within the first 90 days of RC (Hautmann et al., 2010) . Infectious complications were most common (24%) followed by GU (17%), GI (15%) and wound-related complications (9%); 22% of the patients had grade 3 to 5 complications, and the 90-day mortality rate was 2.3%. In a study of complications after RC, Novara et al. reported that 13% of patients experienced grade 3 to 5 complications, and the 3-month mortality rate was 3% (Novara et al., 2009) . In our study, severe adverse events were rare in both groups, suggesting that both treatment options are acceptable for locally advanced bladder cancer, at least with regard to adverse events.
The potential limitations of our study need to be considered. First, our results were evaluated retrospectively, and the subjects were not randomized. Therefore, direct comparison between RC and CRT was difficult because of the potential for selection bias in retrospective studies and because of confounding resulting from discordance between clinical and pathological staging. Clinical staging errors in patients with invasive bladder cancer have been reported to occur in 30%-50% of patients (Stein et al., 2001; Teramukai et al., 2006) . However, we observed no differences between the patient populations in the two groups. Second, our sample size was small, and the follow-up period was relatively short. The short follow-up period may have resulted in failure to evaluate late complications in the CRT group. Finally, we used the MVAC regimen, rather than gemcitabine and cisplatin, for concurrent CRT in this study. In our institution, the MVAC regimen has been the first-line treatment for advanced or metastatic UC, and a gemcitabine and paclitaxel regimen is used as a second-line treatment, particularly for MVAC refractory patients previously treated effectively with MVAC .
